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ABSTRACT 
Epithelial cells (keratmocytes) from normal human epidermi!> show conta('t inhibition of 
movement in vitro. Fifteen minutes following collision, cell!> were fixed and ultrastructural 
studies of the contact zone were performed. Small, specialized JUnctions. not re~emblmg 
desmosomes, were demonstrated linking the cells. Interlocking micro-pseudopodia! cytoplas-
mic processes were also present. Both these st ructures might provide a means of limitation of 
cell overlap. 
Forward movement of most normal cells in vitro 
cease after collision with other cell;. of the same 
type, with the result that the amount of overlap i;. 
significantly limited [I :3). Th1s phenomenon of 
"contal·t inhibition of mcl\'ement .. has been the 
subject of intense study, especially since most 
[4- 6), but not all [7 9), cancerous cells fail to 
exhibit such inhibition. The possibility that abnor-
malitie~ in contact inhibition may be related to 
other abnormalities associated w-ith cancer cell 
behav1or has led to many studies and much specu-
lation of the underlying mechanism. Electron mi-
croscopiC examination of contact-inhibited fibro-
blasts has verified light -mitroscopic impressiOns 
that the amount of cell overlap is limited, and. in 
addition, has demonstrated that morphologic spe-
cializations of the app(lsing plasma membranes 
may occu r in the jw1rtional zone [10,11). It has 
been suggested that such junctional specializations 
may underlie the tendenc} for fibroblasts to main-
tain a monolayered pattern of growth [10 12 ]. 
Normal epithelial cells have also been shown to 
exhibit contact inhibition of movement both in 
vivo [13,14) and in vitro [15 ]. Ultrastructural 
studies of the early contacts between cultured 
epithelial cells have only recently been reported 
[12]. The present study demonstrates that small 
s pecialized nondesmosomal junctions and inter-
locking micro-pseudopodia! processes occur be-
tween cultured human epidermal epithelial ('ells 
(kerat inocyte~;.) within Iii min after cell cell con-
tact has been ob5erved. These structures ma\' 
represent a mechanism hy which contact inhibi-
tion of movement is mediated . 
MATERIALS ANI) METIJOOS 
Primary outgrowth cultures of epithehal cells derived 
from epidermal keratinocytes were made from ex plants of 
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split-thickness normal human skin grown on glass cover-
slips on the bottom of plastic Petri dishes. The method of 
culture and iden!l!y of these cells bas prevtouslv been 
described [16,17). Portions of the cellular outgrowth were 
"wounded" by scraptng away some of the cells by means 
of a fine scalpel [18). During the subsequent 24 hr the,e 
denuded areas were repopulated due to migration of the 
remaining cells in the outgrowth. The migratmg epithe-
lial cells from the edges of the wounds were monitored by 
phase contrast microscopy. 
Fifteen minutes after cell cell contact had been ob-
served, the cultures were fixed and processed for elec-
tron microscopy Cultures were fixed for 15 min in 2.5% 
glutaraldehyde tn 0.1 M sodium cacodylate buffer (pH 
7.4), postfixed in a 2:1 mixture of2~ OsO , m sym-colli-
dine buffer [19], and titained overnight in a 2'r solution of 
uranyl acetate in sodium maleate buffer (pH 6.0) at room 
temperature [modified after 20,21). Dehydration was 
carried out through ethanol and propylene oxide followed 
by infiltration and embcddmg in mixtures of Araldite 
6005. After polymeri7.ation of the Araldite, the coverl>lips 
were separated from the plastic by the "freezp.fracture" 
technique [10 J. The plastic block contaming the embed-
ded cells on its surface was immersed in a solution of 
Azure ll accordtng to a method described elsewhere [22) 
tn order to render the embedded cells visible for light 
microscopy and monitoring of trimming. Thib technique 
does not appear to alter the subsequent ultrastructural 
appearance of cells [22). 
An additional drop of Araldite mixture was then 
spread over the surface containing the stained cells and 
allowed to polymerize overmght. The pre~elected area 
containing the two cell<. that had made contact was 
tdent ified and ~tawed out of the plastic block by means of 
a Jeweler's saw. The block containing the destred cells 
was then oriented in the chuck of an ultramicrotome so 
that ultrathin sections would pass through the two cells 
perpendicular to their plane of growth and at right angles 
to the line of intercellular contact. Although this orienta-
tion placed the cells parallel with the microtomtst's view, 
continuous monitorinl( of precision glass-knifl' trimming 
toward the junctional zone was accomplished by viewing 
the stained. embedded cells through a laterall) mounted 
mirror attached to the knife holder of the microtome [231. 
Ultrathin sectioru. were taken through the entire junc-
tional zonl', mounted on nitrocellulose coated. single-
hole gnds. stained only with uranyl acetate (not with lead 
citrate). and examined in an A.E.l. Corinth electron 
micro~cope fitted with an anticontaminator. 
REStll.TS 
When ex plants of normal human Rkin. which are 
compri:;ed of epidermis and a small quantity of 
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derm1s. are cultured on a ~lass surface, outgrowths 
of epithelial cells are obtained as a result of 
outwanderin~ and proliferation of epidermal basal 
cells. Within the outwowth, cells are closely adher-
ent but they a re capable of extensive shifting with 
respect to one another ( F'lax man, unpublished 
observations). At the outermost free edge of the 
outgrowth, movement of cells is associated with 
extensive formation of ruffled membranes at the 
leading edge, as has been described for both 
fibroblasts [1,31 and epithelial cells [241 in vitro. 
Followmg wounding within the monolayer por-
tion, the a rea devoid of cells was repopulated by 
cells m1grating from both wound edges. By means 
of phase contrast microscopy, it was observed that 
the newly mobilized cells migrated as coherent 
sheets. Cells at the leading edge of the sheets 
developed broad p::.eudopodial extensions and ruf-
fled membranes. The initial contact between two 
cells approaching from opposite sides was limited 
in extent (Fig. l), but subsequently increased with 
time over a broad front (Fig. 21. Following contact, 
membrane rufl1ing appeared to cease. Cessation of 
forward movement did not invariably occur follow-
ing collision, however. and a variable amount of 
cytoplasmic overlapping took place. Also. at the 
interface between the colliding cells. minute cyto-
plasmic movements continued even though ~ross 
movement might have cea::.ed. When cells had 
been in contact for more than 15 min, there was a 
noticeable tendency for them to pull away from one 
another, leaving small gaps at various sites along 
the interface. Thirty minutes after initia l contact , 
the cells had pulled apart sufficiently so that they 
were attached to each other only by thin protoplas-
mic link::. in a manner similar to that described for 
fibroblasts (10,1 Lj. The tendency to separate was 
ultimately reversed, however, as the force of the 
advancing sheet later pushed the cells together 
again . The 15-min point was taken for ultrastruc-
tural studies because inhibition of forward move-
ment was judged to be complete at this time. 
Two cell pairs were examined in detail 15 min 
after initial contact. The entire contact region for 
each pair was sectioned. While many sections were 
lost, due to their small size (101, over 100 were 
obtained from each preparation. Along the length 
of the contact region there was a variable amount 
of overlap ranging from a fraction of a micron to 
several micra . The nature of the overlapping re-
gions varied in complexity. In some sections there 
was simple overlapping of a single lamella from 
each cell (Fig. 3). In other sections, intricate inter-
digitations of multiple micro-pseudopodia( exten-
sions were present (Fig. 4). 
The distance between overlapping cells in most 
places was variable, ranging from as little as 60 A 
to more than 100 A between pla~;ma membranes. In 
some places, the cells appeared more intimately 
apposed. Careful examination of these regions at 
high magnification demonstrated the presence of 
minute junctions where the outer leafleb of the 
apposed plasma membranes appeared to be fused 
over a small distance (Figs. 5a,b) in the manner of 
focal tight junctions. Measurements across the 
enti re width of such fusion points, from the inner-
most aspect of the inner leaflet of each trilaminar 
plasma membrane, revealed the distance to be 
only ll0- 12n A. No desmosomes could be identi-
fied. 
DISCL'SStO. 
The results of this study indicate that 15 min 
after cell cell contact has -been observed, human 
epidermal keratinocytes have formed small spe-
cialized junctions as well as complex interdigita-
tions of micro-pseudopodia in the junctional zone. 
Defining the end point of contact inhibition of 
movement is difficult [101 and the 15-min point 
was chosen not only because gross forward move-
ment appeared to have stopped, but also because 
there was a slight tendency for the cells to retract, 
thus providing an additional degree of confidence. 
It seems clear. however, that the structu re~ seen at 
15 min must have been formed sometime earlier. 
The specialized junctions were formed by an 
apparent union of the outer leaflets of apposing 
trilaminar plasma membranes with obliteration of 
the intercellula r space such that the overall width 
of the junction was less than 140 A, the combined 
width of two nonjunctional plasma membranes. 
Mere close apposition of plasma membranes gives 
width measurements of 140 A or more. Thus, the 
small junctions resembled so-called focal t ight 
junctions described by other investigators in plas -
tic-embedded sect inned material [10,25-28]. Pre-
cautionary procedures advised by others were fol-
lowed to minimize the creation of artifac tual 
closeness during fixation, dehydration, and stain-
ing [10,21,291. In the past, many junctions des-
ignated as "tight" have been found to have a 
small gap which was obscured by staining with 
lead salts, but this pitfall was a\'oided in the 
present study. On the other hand, recent studies 
have indicated that despite precautions to avoid 
artifacts in routinely sectioned material, focal tight 
junctions can be confw;ed with small "gap" junc-
tions and that other methods of inve!.ligation, such 
as freeze cleavage, are needed to definitively dis-
tinguish between the two (30,31]. This possibility 
can not be resolved at the present time since it is 
not yet feasible to apply the freeze-cleavage tech-
nique to two cells. 
Small junctions, resembling those in the present 
study, have also been found shortly after establish-
ment of cell cell contact between contact-inhib-
ited strain L fib roblast~; in vitro [10 ]. Other inves-
tigators, using fibrobla~;t:. of different origin, have 
not demonstrated such junctions in similar experi-
ments. Rather, in areas of cell overlap, where the 
plasma membranes approached one another to 
within 50 A or so, tracts of filamentous material 
were found aggregated in the underlying cytoplasm 
[111. Middleton [1 2 ] has described similar st ruc-
tures between contact-inhibit ed pigmented retinal 
epithelial cells in vit ro. In the present study, cells 
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Ftc. 1: Phase contrast micrograph of epithelial cells 4 min after making initial contact. Arrows indicate extent of 
newly formed contact zone ( >< 350). 
FIG. 2: arne cells. as in Fig. 1, 15 min after initaal contact. Zone of contact has broadened, but cell overlap, while 
present tn some places (arrow), is limited ("' 350). 
FIG. 3: Electron micrograph of epithelial cells showmg sample overlap .• ote that distance between cells is vanable 
( x 40,000). Scale marker represents .5 p . 
FIG. 4: Electron micrograph showing more int ricate overlap with interdigitatmg micro-pseudopods (, 40,000). cale 
marker represents .5 p . 
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FIG. 5: Electron micrographs showing small junctions 
in regions of overla_p. Distance across junctions is approx-
imately 110 125 A when measured between innermost 
aspects of leaflet:> of the plasma membranes (indicated 
by tips of arrows). Pentilaminar appearance of junction is 
caused by apparent ful.ion of outer plasma membrane 
leaflets ( ~ 160,000). cale marker represents 0.1 IJ. 
were often as clol:'e as 60 A, but filaments were not 
associated with the~e close regions. The compara· 
lively large size of such regions as described by 
others should have permitted easy detection in our 
own material. On the other hand, failure of other 
investigators to find small junctions like those in 
the present study could easily be due to inadequate 
observation. In our own work, at least 200 sections 
were thoroughly Mudied at a magnification of 
40,000 on the microscope viewing screen. It should 
be pointed out that differences in the method of 
specimen preparation might also account for dif-
ferences in observations. Details of preparation 
have not been listed in some studies [11,12], so 
this possibility cannot yet be evaluated. Desmo-
somes which normally are found in profusion 
between epidermal cells both in vivo and in vitro 
[17] were not pre~ent in the 15-min specimens. 
Thus. they cannot play a role in early !;tages of 
contact inhibit ion in vitro (32 ). 
In add it ion to format ion of small specialized 
junction~. the epidermal keratinocytes also formed 
cytoplasmic interdigitations. imilar processes 
were de::.cribed for fibroblasts [11 ]. The relation-
ship of specialized junctions and cell interdigita-
tions to contact inhibit ion of movement remains 
conjectural. A variety of proposals have been put 
forth to explain contact inhibition (see 12,:!3 for 
recent reviews], but the actual mechanism still 
evades rigorous experimental documentation. The 
morphologic structures in the present study could 
play a role by acting as simple mechanical barriers 
to further movement. If the s mall junctions do 
indeed represent areas of plasma membrane fu -
sion, they would act as spot welds inhibiting 
movement [I 0 ]. If the~ represent small ~o:ap junc-
tions, they may permit intercellular flow of small 
charged molecules (electrotonic coupling) that 
could alter cytoplasmic motility (31, 3·1]. Electro-
tonic cnupltng has previously been demonstrated 
between human keratinocytes in vitro [28 ]. lnter-
locki'1g of cytoplasmic processes might prO\•ide a 
further barrier to forward movement. Similar stud-
ies of early contacts bet ween cells that do not show 
contact inhibition of movement need to be per-
formed . 
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